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INTRODUCTION 
Analytical chemistry is a discipline in its own right in 
chemistry. So far analytical chemistry was considered as the 
branch of chemistry dealing merely with qualitative and quanti-
tative analysis. Unfortunately with the classical approach 
toward analysis, the subject was uninterested and technique 
oriented. However, the subject became interesting with the 
advancement of science and great strides in instrumentation. The > 
scope has considerably expended with more emphasis on under 
standing of basic preciples. The present day stress is not only 
on qualitative or quantitative analysis, but also from the view 
point of elucidation of structure. Today, analytical chemistry 
is promising area with applications in physical, chemical, bio-
logical and environmental sciences. It is interdisciplinary 
field in real sense. 
Analytical chemistry basically concerned with the determi-
nation of the chemical composition of matter, which was so far 
the main goal of analytical chemists. However, identification 
of a substance, elucidation of its structure and quantitative 
analysis of its composition are the aspects covered by modern 
analytical chemistry. 
In the closing decades of the nineteenth century the 
: 2 : 
invention of the spectroscopic brought with it an analytical 
approach that proved to be extremely fruitful. Later, it was 
found that electrical measurements could be advantageous to 
detect the end points in titrations. Since about 1930, the 
rapid development of electronics has resulted in a major revo-
lution in analytical instrumentation. Today, the cherrdsts 
whether he calls himself an analytical specialist or not, must 
have a working knowledge of several instrumental methods. 
Nearly any physical property, characteristic of a particular 
element or compound can be made the basis of a methoo for its 
analysis. Thus the absorption of light, the conductivity of a 
solution, or the ionizability of a gas can serve as an analytical 
tool. The whole series of related techniques depends on the 
varying electrical properties of different elements as evidenced 
by their redox potentials. The phenomena of artificial radio 
activity have led to several analytical methods of great signi-
ficance. 
Separation and identification is one of the most promising 
subject of analytical chemistry. The resolution of substances 
into their components and subsequent determination can be 
achieved both by instrumental and non-instrumental techniques. 
Nowadays these techniques are becoming the most advanced techniq-
ues in identification and resolution of mixtures. Ion exchange 
chromatography is of great significance in separation of ions of 
: 3 : 
similar properties, i.e. systems which are tedious or rather 
impossible by other means. 
The principle of ion exchange chromatography is based on a 
number of factors that is preferential adsorption of excnangea 
ionic species, magnitude, electrical charge, size, ion pair 
formation and complexation etc. Ion-exchange chromatography is 
more complicated with mixtures of similar ions sometimes it may 
take several hours to achieve a quantitative separation. This 
technique has proved an excellent tool for solving difficult 
separation problems both of inorganic and organic substances. In 
organic chemistry, ion-exchange chromatography has been used for 
separation of organic acids and of various substances of biolo-
gical interest, such as amino acids, peptides and nucleotides. 
At present it is a standard method in biochemical research and 
is also used as a routine method in biochemical industry. 
The electrophoresis methods are particularly useful in the 
study of large molecules under the influence of an electric 
field. Electrophoritic mobility of the molecules forms the basis 
of their identification and separation of high and low molecular 
weight compounds. Now the analysis of complex protein mixtures 
is a practical possibility, rendering it a potent research tool 
in many area of biological and bio-medical research. 
Another important analytical technique is the liquid-liquid 
extraction process which is used to separate substances such as 
• 4 • 
organic molecular species and complexed ionic species* If a 
certain weight of a substance in a certain volume of one of the 
liquid is shaken in a separatory funnel with an equal volume of 
another liquid (both liquids being immiscible and mutually 
saturated Defore these manipulations^, a portion of the substance 
will pass through from one liquid into another liquid, r.t 
equilibrium the ratio of the concentration of the substance in 
the two immiscible liquids remains constant. This is a single 
step distribution which can be extended to a 5 steps process or 
more till one gets a quantitative separation. 
Gas chromatography is one of the most popular methods for 
the analysis of gaseous and multicomponent organic mixtures. In 
the earlier days gas chromatography was employed for the analysis 
of natural gas refinery gas, coke oven gas and fuel gases. Now-
adays gas chromatography is widely used in the petroleum industry 
and allied interdisciplines specially clinical chemistry. 
In Infra red absorption spectroscopy it is observed that all 
chemical compounds shows marked selective absorption in the infra 
red region. It is widely used for the identification of organic 
compounds. This is because of the fact that spectra of organic 
compounds are generally complex and provide numerous maxima and 
minima that can be employed for comparision purposes. The infra 
red absorption spectrum of an organic compound represents one of 
its truely unique physical property and serves as finger print. 
: 5 : 
Infra red spectroscopy has been employed for qualitative and 
quantitative analysis, but the quantitative applications are 
of less significance that the qualitative ones. 
The discovery of ion exchange resins with three dimensional 
net v.'ork obtained by polymerization of organic monomers has 
resulted a break through in separation science. The polymeric 
ion exchange resins which are commercially available based 
mainly on cross linked polymeric compounds. The use of weak acid 
cation exchange resin for the removal of permanent hardness and 
inversion of sugar with cation exchange resin are pertinent 
examples. 
In 1934, two new types of material are synthesized. The 
first is sulphonated coal developed in Germany and the second is 
a phenol formaldehyde prepared by Adam's and Halme's at the 
National physical laboratories in England (1^ The virtually 
simultaneous development of relatively stable synthetic cation 
and anion exchanger made the demineralization process possible. 
This is the most useful and important application of ion exchange, 
The material produced by Adams and Halmes though relatively 
unstable by todays standards found considerable industrial scale 
for demineralization plant in the world. 
During the last 20-30 years, the inorganic ion exchanger 
have firmly occupied their own position in ion exchange chemistry 
A rapid development in nuclear energy, hydro metallurgy of rare 
: 6 : 
elements, preparation of high purity materials, water purifi-
cation etc. have shown interest to synthesize new highly 
selective ion exchange materials which should have tne charac-
teristics of resistance to chemicals, temperature cnange and 
radiation. 
Ion-exchange materials are supposed to be well documented 
in the litrature which included the first aluminium silicates 
as ion exchanger. In 1905 Gans in Germany softened water on an 
industrial scale using a natural or synthetic aluminium silicates 
material called zeolite. The Gans patents are used Universaly 
during the next 30 years. However, the disadvantage of alumino-
silicates in their instability in the presence of mineral acids. 
The fundamental principle of all ion exchange process are 
based on following: 
(1) Stoichiometric exchange of ions. 
(2) Selectivity preference of the exchanger for one ion relative 
to another including cases in which different affinities of 
the ions are modified by the use of complexing or chelating 
agents. 
(3) Differ ential migration of absorbed substances down the 
column. 
(4) Miscellaneous : swelling - surface area and other mechanical 
properties. 
• 7 • 
Amphlett (2, 3) and Kraus (4, 5) have done much of the 
pioneering work' in this field and concentrated their attention 
on zirconium oxide and zirconium phosphate. The work upto 1963 
has been summarized in his monograph. The role of heteropoly 
ion exchange process is an important property. The wide 
work in this field has been concentrated on ammonium molybdophos-
phate. 
At present a large number of inorganic ion exchangers have 
been synthesized. It becomes easy to understand the chemistry 
of the material prepared. Infra red spectrum shows the presence 
of water molecules, -OH groups and metal oxygen bonds. X-Ray 
Analysis confirms whether the material is amorphous or crysta-
lline. The thermogravimetry and differential thermal analysis 
are important techniques, that record changes in the chemical 
composition of material at different temperatures. These tech-
niques are supposed to be a great asset characterizing the ion 
excnanger. 
A brief description of different type of inorganic ion 
excnangers showing their characteristic properties, e.q. 
composition, ion exchange capacity and selectivity towards ions, 
has been summarized in Table 1 and 2. 
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C H A P T E R - T W O 
'Synthes i s and Charac ter iza t ion 
of a ne\-! arsenate s e l ec t i ve anion 
;irconi^:;i:; ( J- - ; 
ph enV1 e t h y 1 arni r. o' , 
INTRODUCTION-
A large number of inorganic ion exchangers have been 
reported in the literature, prepared mostly by mixing 
quadrivalent metal ions with salt of group V and VI elements 
(1). A systematic study has also been made of ion exchange 
properties of polyvalent metal hydroxides as cation exchanger 
or anion exchanger (2). An attempt has been made to increase 
the selectivity of the polymer adsorbents by incorporating 
organic monomer to the polymeric chain capable forming 
complexes with metal ions (3). We have tried to develop a 
mixed polymer containing organic monomer e.g. zirconium (IV) 
(phenylethyl amine) ion exchanger by combining aqueous solu-
tion of zirconium oxychloride and an alcoholic solution of 
phenyl ethylamine. The exchanger shows the characteristic 
properties of an anion exchanger. 
In this manuscript, we report the synthesis and 
properties of zirconium (IV) phenylethylamine anion exchanger. 
The distribution coefficient values for a large number of 
anionic species have been determined. On the basis of the 
difference in their Kd values, the separation of arsenate from 
other anionic species have been successfully achieved using a 
glass column. 
EXPERIMENTAL 
REAGENTS : 
Phenylethylamine (Eastman Kodak USA) and zirconium oxy-
chloride (BDH) were used for the preparation of exchanger. All 
other.chemicals were of analytical grade. 
APPAflATUS : 
A Bausch and Lomb Sprectronic 20 spectrophotometer and 
Elico pH meter model L 1-10 were used for spectrophotometric 
and pH measurements respectively, 
SYNTHESIS : 
O.IM solution of zirconium oxychloride was mixed with 
0.2M alcoholic solution of phenylethylamine in the ratio of 1:1 
(V/V). The sample was prepared by adjusting the pH 8.0. The 
light yellow coloured gel so obtained was allowed to stand 
overnight at room temperature to ensure complete precipitation. 
The gel was separated from mother liquor by filtration and 
washed with deionized water, 3 times with a total volume of 
approximately 0.7 to 1,0 litre to ensure a pH 7,00 of the 
effluent wash. The gel was dried at 40°C in an oven. The dried 
product was allov/ed to cool at room temperature and placed in 
water which cracked down into small granules. 
: 21 
Ion exchange capacity : A 1.0 gram of the dried exchanger in 
desired ionic form was transferred into a column (60 cm x 1 cm 
i.d.) supported by a glass \%ool plug. A 2S>0 ml of l.OM NaNO^ 
solution was passed through the column to elute the requisite 
anion. The effluent alongv>ith washing was collected and 
titrated by the recommended procedure. The flow rate was main-
tained at 0.5 ml min" . The results are summarized in Table-1. 
Chemical composition : For the determination of chemical 
composition, 0.10 gram of exchanger was dissolved in 2.0M HNO„ 
solution and diluted to 100 ml with deionized water. Zirconium 
and phenylethylamine were determined titrimetrically using 
standard O.OIM EDTA (4) and 0.5N sodium nitrite (5) solution 
respectively. The mole ratio of zirconium and phenylethylamine 
Was found to be 1:4,16. 
Chemical stability : The chemical stability of the exchanger 
material was studied in different solvents. For this purpose, 
0.50 gram of the exchanger in NO^ form was treated with 50.0ml 
of the solvent of interest and kept for 24 hrs Vv-ith occassional 
shaking. The amount of Zr in the supernatant liquid was deter-
mined by titrating against a standard solution of EDTA. The 
amount of phenylethylamine was determined spectrophotometrically 
(6). The results are reported in Table-2. 
: 22 : 
pH titration : The titration of zirconium(lV) phenylethylar.ine 
exchanger was carried out by batch procedure (7). Several 
samples of exchanger in different Erlyenmeyer flask, each con-
taining 0.5 gm in O H " form was equilibrated witn a mixture of 
total volume 50 ml of 0. ION KCl varying volume + O.ION N'aCl 
fixed volume. The results are shown in Table-3. 
IR Studies : Infrared analysis of ion exchanger material cried 
at 40°C was performed using KBr technique. 
X-ray diffraction : X-ray ciffraction pattern was recorded on a 
Philip P.V;. 1140 diffractometer using nickle filtered Cu Ka 
radiation which reveals the fact that the exchanger material is 
non-crystalline. 
Distribution coefficient : For the determination of distribu-
tion coefficient of various anions, 0.25 gram exchanger in K0^~ 
form Was treated with 25,0 ml of 2.0 x 10 M solution of anions, 
The mixture was left for 24 hrs with intermittent shaking at 
room temperature. The anions left in the solution was deterni-
ned titrimetrically using standard method. The distribution 
coefficient was calculated as follows : 
j^ci = tn»inQies of anions in the exchanger phase/qm of excnanaer 
m moles of anions left in the aqueous phase after 
equilibrium/ml of total volume of the solution. 
The results are shown in Table-4. 
: 23 ; 
Separation : 5.0 gram exchanger in NO^ form was packed into 
a glass column (30.0 cm x 1.0 cm i.d.) fitted with glass wool 
plug. The mixture of anions were transferred into the column 
and eluted with appropriate solvent system at a flow rate of 
0.5 ml min~ . The results are reported in Table-b. 
RESULTS AND DISCUSSION 
The zirconium (IV) phenylethylamine exchanger is prepared 
by mixing aqueous solution of zirconium oxychloride with alco-
holic solution of phenylethylamine at pH 8.0. Tne product 
zirconium (IV} phenylethylamine behaves as anion exchanger due 
to the formation of positive charge on the N- atom of the incor-
porated phenylethylamine. The anion exchange capacity for a 
number of anions are determined on the material dried at diff-
erent temperatures by column process. The results are reported 
in Table-1. The sequence of ion exchange capacity of the 
exchanger for halides is in the order of their ionic radii. 
The greater the ionic radii lower the ion exchange capacity and 
for other ions the capacity decreases in the order Cr„0_ > SO . 
It is also observed that the anion exchange capacity decreases 
with the increase of drying temperature. This loss in capacity 
may be due to loss of water molecule and amino group from the 
exchanger material. 
Table-2 shows the solubility of exchanger material (N0^~ 
form) in the solvents of interest. It is concluded that the 
material can be used for analytical separations in organic sol-
vents, ammonia solution, neutral salt solutions, dilute HCl and 
HNOo solutions. 
The pH titration of the exchanger in 0H~ form was performed 
: 25 
Table 1. Ion exchange capaci ty of zirconiumdV )phenylethyl 
amine dr ied at d i f f e r en t ter^peratures 
S.No. Anions 
Ion Exchange Capacity ( rr.eq/q) 
40°C 100°C 150°C 200°C 
CI' 1.40 1.21 0.74 0.67 
Br' 1.12 0.93 0.60 0.57 
0.85 0.75 0.59 0.50 
4 ^^2'^?*' ^'^^ 
5 S04" 0.45 
: 26 : 
Table 2. Chemical Stability of Ion Exchanger in Various 
Solvent Systems 
, Amount of Zr released Amount of phenylethyl b.No. boivent pg^ ^ Q ^^ j^^ g^  ^^^^^ ^^^ ^Q ^^ (^_g) 
0.00 
.063 
.015 
.048 
.06 
0.14 
0.16 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
o.m 
i.OM 
2.CM 
O.IM 
I.OM 
2.0M 
O.IM 
I.OM 
O.IM 
I.OM 
i.OM 
2.CM 
I.OM 
2.CM 
I.OM 
2.CM 
HCl 
HCl 
HCl 
HNO3 
HNO3 
HNO3 
H^SO^ 
H2SO4 
NaOH 
NaOH 
NH4CI 
NH^Cl 
NH^OH 
NH.OH 4 
NaN03 
NaN03 
d i s s c 
d i s s c 
d i s sG 
0 . 0 0 
1 1 3 . 1 1 
l ived c o m p l e t e l y 
.912 
5 1 . 0 8 
l ived c o m p l e t e l y 
7 4 . 8 0 
l ived c o m p l e t e l y 
1.36 
2 . 2 8 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
: 27 : 
by the method of Topp and Pepper, and the results are plotted 
in Fig. 1 that showed the mono functional behaviour of the 
exchanger. The apparent pkb of the ion-excnange material was 
found to be 9.06. 
Hydrous oxides have played a very important role in sepa-
ration studies of a large number of cations and anions. These 
observations are based on their characteristic role of ions 
sorption process. In earlier work it was assumed that it is aue 
to the surface phenomenon and exchange take place only on its 
surface. The extensive work of clearfied put them on a new 
dimension and therefore the hydrous oxides have been classified 
in two catagories. 
(1) Particle hydrates ; Includes the ZrO^ and SnO for which 
ion exchange occurs only on the surface, 
(2) Frame work hydrate : Includes the hydrous oxides of Sb 
and Mn whose frame work contain cavities and tunnels in which 
the exchange of ion takes place. 
In recent years a systematic study has been made of ion 
exchange properties of quadrivalent metal oxides such as SiO^, 
SnO^r TiO^, ThO , ZrO . In principle these oxides may behave 
either as cation or anion exchanger depending upon the basicity 
of the central metal ion and the strength of metal oxygen bond 
: 28 : 
Table 3 . The pH T i t r a t i o n wi th Added S a l t of Ion Exchanger 
Sample in 0H~ form ( d r i e d a t 40 C) 
S.No. meq of HCl added Volume of 0.5M NaCl pH 
ml 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
l.OO 
1.20 
1.40 
1.60 
1.80 
2.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
9.00 
8.30 
8.65 
7.55 
6.90 
4.70 
4.45 
4.30 
4.90 
4.50 
4.10 
4.05 
3.30 
3.20 
3.10 
2.80 
: 29 
/ -
C ± 
Z 0.2 0.4 0.5 0.8 10 1.2 lA 1.6 1.8 2.0 
meq.H*(on a d d e d / 0 . 5 0 g ram exchanger 
F ig .Ka ) pH t i t r a t i o n c u r v e of Zr phenyl ethy[ a mine ex changer 
: 30 : 
8 10 2 3 4 5 5 7 
pH 
F i g . U b ) pH t i t r a t i o n c u r v e of Zr phenyl e thy l amine exchanger 
31 : 
relative to that of oxygen-hydrogen bond in the hydroxyl group. 
It is further reported a transi-cion from anion exchange in acid 
solution to cation exchange in alkali solution may occur over 
a range of pH depending upon the basicity of the metal ion. 
The structure of hydrous ZrO^ has been extensively studied 
by Clearfield (8) and suggested that both -OH group and water 
molecule exist on the surface of ZrO^. 
The structure of phenylethylamine ZrO^ gel has been inter-
preted from two angles (i) structural interpretation of ZrO^ 
gel with special reference to its surface activities (iij Dis-
persion of phenylethylamine on its surface with different 
possible linkages. 
The IR spectra of ZrO^ gel shows a maximum over a range 
of 33OO-37O0 cm . This region can be assigned to -OH stretch-
ing frequencies including both free and observed multiplicity 
of -OH groups. To explain the observed multiplicity of OH 
stretching bands on the surface of oxide it is attributed to the 
various crystallographic planes of lower indices. The observea 
multiplicity of OH stretching bands can be more precisely 
described in terms of hydroxyl atoms bonding to different 
numbers of lattice metal atoms with coordination numbers 1 to 4 
for hydroxyl group (9). 
: 32 : 
Zr Zr Zr Zr .^r ^r 
Coordination No. 1 Coordination No. 2 Coordina-ion No. 3 
I II III 
ZrO 3670 cm" sharp band 3770 cm" sharp oand face(III 
ZrO^ can be considered as having distorted CaF^ lattice 
+4 that is within the ZrO^ particle, each Zr is surrounded by 
eight oxygen atoms, while each oxygen is in turn coorainated by 
four metal atoms. The situation on the surface is quite diff-
erent. Here the oxygen atoms are all associated with protons 
either as hydroxyl groups or as water molecules because of the 
process of oxolation and in complete particle conaensation 
oxygen are thought to belong to water molecules and bridging 
oxygen to hydroxyls. This proton association makes the cluster 
positively charged. Clear',tie|d supported this assumption on 
the basis of the O/Zr ratio. However, no attempt has been made 
to support this concept on the basis of stretching frequencies 
in IR region. A more lucid picture of the interior both in bulk 
and on the surface of ZrO^ particle can be explained on the basis 
of hydroxyl oxygen atom coordination numbers and thereby giving 
rise to different types of hydroxyl groups. on the surface of 
the oxide 
: 33 : 
ZrQ„ can be considered as having distorted CaF lattice and 
therefore one expects three different types of (I, II and III) 
hydroxy Is on the surface. The two sharp bands of isolated OH 
group (observed in the region between 3650 and 3800 cm ) can be 
reasonably assigned to type I and III hydroxyls . These are 
produced on the crystal faces such as plane (III) which inter-
sect one bond of the OZr^ tetrahedron {9), 
Zr 
Zr Zr Zr 
Tetrahedral 
4 
H i-
H 
M 
Face III 
as cleavage 
plane 
Zr Zr Zr 
Type III 
Zr 
Type I 
Clearfield (10) has described the preparation of crysta-
lline hydrous zirconia from zirconyl halide by adding an inor-
ganic base resulting the formation of hydrous oxide by polyme-
rization process. The growth of ZrO^ particle is described by 
: 34 : 
Olation followed by iniercaiation process. The structure of 
particle surface is found to be quite different from that of 
interior particle i.e. the oxygen atoms in the interior are 
supposed to be fully coordinated with metal ion wnereas on the 
surface, the oxygen atoms are associated with proton, either as 
OH group or as water rr.olecule. Clearfield in this study has 
not mentioned about the IR of ZxOr^^ gel. In order to cescribe 
the observed OH stretching frequencies, we have tried to under-
stand the surface structure emphasizing on the sxretcning of OH 
frequencies. It is a point to note that the adaixon of an 
inorganic base produces an entirely a different gel as that 
obtained by an organic case. The zirconium phenyletnylamine is 
obtained by aading an alcoholic solution of organic oase to 
an aqueous solution of zirconyl chloride. It is assumed that 
the gel formation takes place in two steps : 
1. Formation of hydrous ZrO 
2. Surface deprotonation from different OH groups and coupling 
of base resulting the formation of a higher particle. 
The IR spectrum (Fig. 2) of ZrO^ phenylethylamine shows some 
intresting features v;hich can be interpreted on the points 
discussed earlier. A broad band in the form of a maximum corres-
ponding to frequency range (3800 - 3200 cm" ) occurs .'-hich are 
assigned to 
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(i) Vibrational frequency of free surface hydroxyl on ZrO^ 
of wave length range 3770-3660 cm" (9) 
(ii) N-H stretching vibration corresponding to a range of 
3550-3300 cm"-'- (ll). 
(iii) Absorbed molecular water to the Zr02 surface. 
The OH stretching vibration of absorbed molecule occurs 
in the same wave length as that of free surface OH on Zr02 (9). 
(iv) There is also the possibility of additional low frequ-
ency band which can be assigned to H- bonded OH groups 
and H- bonded N-H groups in this region (ll). 
(v) The observed multiplicity of OH stretching bands : The 
surface hydroxyl oxygen atom may be bonded to different 
numbers of lattice metal atom with different coordinatio; 
number. 
(vi) The sharp absorption band at 1390 cm may be attribu-
ted to 0-H groups present in alcohol or due to the 
reaction of alcohols on oxide surfaces leading to the 
formation of surface alcoholate species usually through 
dissociative chemisorption on acid-base pair sites with 
sumultaneous formation of new hydroxyl group (9). 
The distribution coefficient (Kd) values are determined 
for a number of antons in various solvents and the results are 
: 37 : 
suirjnarized in Table-4. It is ooserved that Kd values are high 
in Gistilled water, in most of the cases, and the sequence is 
in the order arsenate > oxalate > tungstate > sulphate > 
bromate > chloride > bromide > iodide = chlorate > ierrocyaniae. 
TaDle-4 showing a decreasing trend in Kd values in aqueous 
arr.iTionia. The decrease may be due to the preferential uptake 
of OH ion. Moreover, the exchanger material has a nicn affinit; 
for arsenate ion that facilitate the separation from otner 
anions. The resultsdwereported in Table-5 and the elution 
prof iles a.te shovm in Fig. 3 (a-e). 
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Table 5» Separation of Arsenate from other Anionic Species on 
zirconium (IV) pnenylethylamine column. 
S.N. Seperation Amount Recovery % Eluent used 
achieved loaded Recovery (ml) 
(mg) 
1 
2 
3 
4 
5 
Wo^' 
A s O - ' 
CI' 
AsO-' 
1 
Br 
AsOJ^' ' 
1 
1 
AsOj^' • 
So-
AsOJ^' • 
24.78 
13.89 
1.77 
6.94 
3.99 
6.94 
6.34 
6.94 
4.80 
6.94 
24.70 
13.75 
1.57 
7.40 
3.99 
7.25 
6.34 
7.00 
4.52 
6.75 
99.65 
98.99 
90.00 
106.55 
100.00 
104.39 
100.00 
100.79 
94.23 
97.19 
40 
30 
30 
30 
20 
30 
30 
30 
40 
30 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
ml 
H^O 
O.IM NH3 
H^O 
O.IM NH^ 
H^O 
O.IM NH^ 
H2O 
O.IM NH3 
H2O 
0. IM rJH^  
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